Increasing abundance of non-commercial sprats and decreasing biomass and landings of commercial anchovies and sardines justify the need to study the feeding ecology and trophic niche overlap of these planktivorous species in the Gulf of Lions. Their diet has been investigated on the basis of stomach content and stable isotope analyses in 2011 and 2012 according to different depths and regions in the study area. The main prey were Corycaeidae copepods, Clauso/Paracalanus, Euterpina acutifrons and Microsetella, for sprats and small copepods, such as Microsetella, Oncaea and Corycaeidae, for anchovies and sardines. This is the first time that the diet of sprats is described in the Gulf of Lions. Sprats fed on a larger size spectrum of prey and seem to be more generalist feeders compared to anchovies and sardines. Ontogenetic changes as well as spatial and temporal variations of the diet occurred in the three species. Stable isotope analysis revealed mobility of sardines and sprats among feeding areas while anchovies exhibited preferred feeding areas. Sprats showed a higher relative condition assessed by C/N ratios than sardines and anchovies. Our results showed an overlap of the trophic niches for the three species, indicating a potential trophic competition in the Gulf of Lions.
Introduction
Small pelagic teleosts are key species in ecological systems as they ensure the transfer of organic matter from zooplankton to higher trophic levels (Banaru et al., 2013) . They may exert different types of control in marine systems such as bottom-up (Cury et al., 2011) , top-down (Köster and Möllmann, 2000; Verheye and Richardson, 1998) or wasp-waist control (Cury et al., 2000) .
Traditionally, anchovies (Engraulis encrasicolus; Linnaeus, 1758) and sardines (Sardina pilchardus; Walbaum, 1792) were the two main pelagic teleosts in the Gulf of Lions (North-West Mediterranean Sea) in terms of biomass and represent target and commercial species for the fishing industry (Banaru et al., 2013) . However, anchovy and sardine landings have declined since 2005 and fishing activity has been reduced to an exploratory activity in 2010. Anchovies and sardines are still abundant but their biomasses and size have decreased, which lowers their commercial value. Furthermore, there has been an unusual increase of non-commercial sprat (Sprattus sprattus; Linnaeus, 1758) abundance sincein press). The three species are zooplanktivorous and may be competitors for food in the study area.
Moreover, there is significant overlap in their spatial distribution but no data are available concerning their trophic interactions in this area. No qualitative or quantitative data on the zooplankton community are available to show eventual changes in the availability of the resources during the last period. Consequently, studies on their feeding behaviour and interactions are necessary to understand the origin of the recent shifts in the pelagic ecosystem of the Gulf of Lions.
Stomach content analysis is a well-known method to study the trophic ecology of teleosts and provides a qualitative and quantitative snapshot of the diet (Hyslop, 1980) . Ratios of nitrogen and carbon isotopes ( C) are used to determine feeding areas and primary sources of carbon in food-web (Hobson, 1999; Michener and Kaufman, 2007) . Stable isotope analyses allow longer-term study of the diet of organisms and identification of changes in feeding sources and areas. Carbon/nitrogen (C/N) ratios measured with stable isotope ratios are a proxy of the lipid content of organisms (Dempson et al., 2010; Logan et al., 2008; Post et al., 2007; Sweeting et al., 2006) and thus can be used as indicators of the relative condition.
Some studies on the trophic ecology of small pelagic teleosts of the European coasts have been previously conducted using stomach content analyses (e.g. Garrido et al., 2008; Plounevez and Champalbert, 2000; Tičina et al., 2000) and stable isotopes (e.g. Bode et al., 2004; Chouvelon et al., 2014; Costalago et al., 2012) , but few studies have combined the two approaches (Pasquaud et al., 2008) and none of them in the study area. Moreover, the last diet studies based on stomach content analysis of adult anchovies and sardines in the Gulf of Lions were performed in 1995-1996 by Plounevez and Champalbert (2000) , and in 2007 by , when these species had higher condition values (Brosset et al., in press; Van Beveren et al., 2014) and before the fall of their biomass. No data on the trophic ecology of S. sprattus is available for the North-Western Mediterranean Sea.
The aim of this study was to combine the methods of stomach content analysis and stable isotopes to describe the trophic ecology, niche width and diet overlap of anchovies (E. encrasicolus), sardines (S. pilchardus) and sprats (S. sprattus) in the Gulf of Lions to infer the potential interactions between the three species. In addition, this is the first time that spatial variations in the diet of these species related to their stable isotope ratios were described in the North-Western Mediterranean Sea.
Material and methods

Study area and sampling
The Gulf of Lions has a wide continental shelf. It is a mesotrophic area influenced by Rhône river inputs and the northern current flowing southwestwards along the continental slope (Espinasse et al., 2014a) . Consequently, concentrations of nutrients in water and sediments decrease from east to west and from coast to continental shelf (Cruzado and Velasquez, 1990; Denis and Grenz, 2003; Van Den Broeck and Moutin, 2002) . Furthermore, river inputs influence isotopic ratios of particulate organic matter and phytoplankton with higher δ 15 N and lower δ 13 C in waters influenced by the Rhône plume (Harmelin-Vivien et al., 2008) . Espinasse et al. (2014a) divided the gulf into three habitat types: the western part of the coast, most of the eastern area of the gulf influenced by Rhône river (the coast and a part of the continental shelf), and the continental shelf (except in eastern areas where river inputs are high). In the present study, the gulf has been divided into two depth zones (coastal areas and continental shelf) separated by the 50 metres isobath and three regions (west, centre and east) according to the spatial changes of environmental conditions (Espinasse et al., 2014a; Harmelin-Vivien et al., 2008 Fig. 1 ).
Teleosts were sampled in June and July 2011 and 2012 during the IFREMER MEDITS and PELMED campaigns aboard the IFREMER R.V. 'l'Europe'. In addition, small juvenile sardines were sampled in May 2011 by beach seining near the Rhône estuary. Sampled teleosts were immediately frozen to avoid digestion. In the laboratory, the following measurements were taken on each teleost: total length (TL) to the nearest 1 mm and total body weight (TW). Stomachs were   4   84   85   86   87   88   89   90   91   92   93   94   95   96   97   98   99   100   101   102   103   104   105   106   107   108   109   7  8 extracted and preserved in 95° alcohol. Eviscerated body weight (EW) was measured. Anterior dorsal muscles of teleosts were sampled and freeze-dried for subsequent stable isotope analyses. 
Stomach content analysis
We chose individuals of the different available size classes (1 cm interval) for each depth and region. Selected stomach contents (117 anchovies, 145 sardines, 166 sprats) ( Fig. 1 proportion of the total weight of all prey in each stomach). The index of relative importance (IRI) (Pinkas et al., 1971) was then calculated according to the formula: IRI = %O × (%N + %W) IRI was then transformed in percentage by dividing it by the sum of IRI for each prey item (%IRI; Cortés, 1997) . Niche width (B G ) and diet overlap (%T; were calculated according to formulas:
with H' = −Σ (IRI xi × log 2 IRI xi )
where %IRI xi and %IRI yi are %IRI for the prey item i in the teleost species x and y. Overlap is considered as significant if %T exceeds 60% (Arculeo et al, 1993) . %T was also calculated using %W.
Prey were measured for subsamples of the three studied species (82 anchovies, 64 sardines, 58 sprats) for different size classes. Predator/prey size ratios were also estimated for each species.
Stable isotope analysis
For each species, depth and region, stable isotope ratios were studied in muscle samples of fish collected in various sampling stations (104 anchovies, 101 sardines, 116 sprats) ( Fig. 1 ; Table   1 .b). Selected muscle were freeze-dried and then ground into a fine powder. Subsamples were weighed (0.4 to 0.5 mg) in 5×8 tin cups and analysed with a continuous-flow isotope-ratio mass spectrometer (Delta V Advantage, Thermo Scientific) coupled to an elemental analyser (Flash EA 1112, Thermo Scientific). δ In order to study isotopic niches of the three species, standard ellipses were generated and the Standard Ellipse Areas (SEA) were corrected for sample size (SEA C ) using the SIAR package (Stable Isotope Analysis in R, Parnell et al., 2010) . The overlap between the ellipses was then determined. Isotopic niche of the three species was estimated by determining areas of the ellipses using the bayesian method (SEA B ) (Jackson et al., 2011) .
The relative condition factor was estimated using C/N ratios related to the lipid content.
Table 1
Number and size range (in brackets, cm) of the analysed individuals in the study area for a) stomach content and b) stable isotopes samples. 
Data analyses
All data analyses were performed with the R statistical software (version 2.15.0).
Classifications (based on Bray-Curtis dissimilarity index) were performed on %IRI in each total length class (1 cm interval) to study ontogenetic shifts in the diet of each species. The same classifications were also applied on %IRI in each zone (defined by region, depth and year of sampling) for each species to study spatial and temporal variations in their diet.
Normality of residuals and homoscedasticity were checked by Shapiro tests, Q-Q plots and region, depth and their interaction on isotopic and C/N ratios. The teleosts total length covariate was deleted from the models if its effect on the isotopic and C/N ratios was non-significant. Scheffé post-hoc tests were performed when the region significantly influenced isotopic or C/N ratios. 
Results
Diet composition
Ontogenetic variations in diet
Cluster analyses of teleosts diets (based on %IRI) by size classes are shown in Fig. 2 .
Stomach contents show that Oncaea was the main prey for 8-10 cm long anchovies, which also fed on Microsetella, Corycaeidae copepods and on some unidentified copepods. Anchovies with a 10-12 cm body size consumed mainly Microsetella, but also Corycaeidae copepods and
Oncaea. Larger anchovies (12-13 cm) consumed mainly copepods from the Corycaeidae family (%IRI = 23.05), but also large diatoms (%IRI = 14.67) and the copepod species Centropages typicus (%IRI = 12.40). In fact, contribution of diatoms and Centropages typicus increased with body length while that of Oncaea decreased. Sardines between 3 and 8 cm consumed mainly suprabenthic mysids (genus Paramysis).
Unidentified copepods were also consumed by 4-5 and 7-8 cm sardines. Sardines between and 9
and 13 cm fed on Microsetella and Oncaea. Among those sardines, 9-10 cm individuals fed also on The main prey of small sprats (7-8 cm) were unidentified copepods (%IRI = 48.09).
Nevertheless, Euterpina acutifrons (%IRI = 16.13), Oncaea (%IRI = 11.82) were the most important identified prey items for this body size. Sprats between 8 and 11 cm had a diet dominated by two prey: Clauso/Paracalanus and the Corycaeidae. Among 8-11 cm sprats, Euterpina acutifrons was also an important prey for sprats between 8 and 10 cm. In fact, the contribution of the Corycaeidae copepods (%IRI from 4.33 to 33.95) increased for larger sprats while that of
Oncaea decreased (%IRI from 11.82 to 3.51).
Class lengths of the consumed prey
Anchovies and sardines consumed mainly 0.2-0.6 mm prey (62.97% of all measured prey for anchovies and 52.93% for sardines), the most consumed size class being the 0.4-0.5 mm (20.45% of all measured prey for anchovies and 15.99% for sardines). Sprats fed on slightly larger prey as they consumed mainly 0.3-0.7 mm prey (77.22% of all measured prey) (Fig. 3) . The 0.4-0.5 mm size class was once again the most consumed one, but this size class was consumed in larger proportions by sprats than by the two other species (32.31% of all measured prey). Furthermore, the 0.5-0.6 mm size class was also more strongly represented in the diet of sprats (21.94% of all measured prey) than in that of anchovies (10.29%) and sardines (10.23%). There was a peak of occurrence in sardines for the 1.0-1.1 mm size class (9.24% of measured prey) ( the analysed individuals. In contrast, size classes consumed by sardines slightly decreased when sardines were larger (rho = -0.276, P < 0.001).
Sprats had the lowest predator/prey size ratios (mean ± SD = 176.45 ± 71.14) followed by anchovies (236.67 ± 133.66) and sardines (259.47 ± 191.69) (H = 135.458, P < 0.001) ( Table 2) .
Anchovies consumed the largest prey compared to their own size and sardines the smallest.
Sardines showed the highest variation between the minimum and the maximum predator/prey size ratios ( Table 2 ).
Fig. 3.
Proportions of the prey size classes in the stomach content of anchovies, sardines and sprats.
Table 2
Predator/prey size ratios in anchovies, sardines and sprats (N = number of individuals, SD = standard deviation). 
Spatial and temporal variations in diet
Dendrograms resulting from hierarchical clustering on teleosts diet similarities (based on %IRI) among region, depth and year are shown in where sprats fed on decapod larvae (%IRI = 98.24). These results suggest that depth may have influenced sprat diet, with Euterpina acutifrons being a widely consumed prey in coastal zones.
Stable isotope analysis
Isotopic values were significantly different among the three species (H = 64.028, P < 0.001 In sardines, the year of sampling had no effect on δ 
Interactions between species
Diet overlap estimated on %IRI and %W was significant for anchovies and sardines (%T = 83.91 for %IRI and 76.92 for %W). For sprats and anchovies (%T = 55.06 for %IRI and 65.34 for %W) and for sprats and sardines (%T = 58.51 for %IRI and 64.00 for %W), the overlap was nearly significant when estimated using %IRI and was significant when using %W. Diet overlap between length classes is detailed in Fig. 5 . Isotopic values in muscles of anchovies, sardines and sprats and depiction of their niche area using standard ellipses.
Relative condition factor
Sprats had the highest C/N ratios (mean ± SD = 4.38 ± 1.12), followed by sardines (3.31 ± 0.14) and anchovies (3.20 ± 0.09) (H = 148.931, P < 0.001). The C/N ratios of anchovies were only influenced by the interaction between depth and region (Table A. 
Discussion
Diet composition and ontogenetic shifts
Anchovies fed mainly on Microsetella, Oncaea and Corycaeidae copepods. Consumption of Microsetella has been previously observed in the Gulf of Lions during summer (Plounevez and Champalbert, 2000) , Oncaea is a usual prey in other regions of the Mediterranean Sea during other seasons (Bacha and Amara, 2009; Borme et al., 2009; Tudela and Palomera, 1997) Sprats were more generalist and fed on Clauso/Paracalanus, the Corycaeidae family,
Euterpina acutifrons and Microsetella. By contrast, adult sprats feed mainly on the copepods
Calanus and Temora in the Adriatic Sea (Tičina et al., 2000) but important consumption of Microsetella was detected in term of number in a Norwegian fjord (Falkenhaug and Dalpadado, 2014) . Sprats also had the lowest predator/prey ratios compared to sardines and anchovies, indicating that they fed on the largest prey relative to their size. The consumption of larger prey compared to its own size may be explained by the fact that sampled sprats are mostly juveniles ( omnivorous Oncaea (Wu et al., 2004 ) and more on the predatory Corycaeidae copepods (Landry et al., 1985; Turner et al., 1984) . δ 
Spatial and temporal variations of diet
Diet of anchovies differed between 2011 and 2012 and between coast and shelf. In 2011, coastal anchovies fed mainly on Oncaea while Microsetella was the main prey on the shelf. Only few anchovies were sampled in coastal areas by Plounevez and Champalbert (2000) , which may explain the high importance of Microsetella and the low importance of Oncaea in the general diet of anchovies sampled in their study. Diet of anchovies in the western region was quite unusual, with high consumption of Euphausiacean larvae on the shelf in 2011 and of diatoms on the coast in 2012. Plounevez and Champalbert (2000) observed differences of feeding between west and east for offshore anchovies, with Euphasiacean larvae being an important prey for western anchovies in 1995 and Microsetella being an important prey for eastern anchovies in 1995 and 1996. In 2011, stable isotope ratios were dependent on the region of sampling and, in 2012, δ Diet of sprats differs between coastal areas and continental shelf and diet was dominated by decapod larvae on the western shelf. In 2012, diatoms are a secondary prey in the west and on the coast, suggesting that sprat is more carnivorous than anchovies and sardines. This result is in accordance with those of Pethybridge et al. (2014) where sprat sampled during winter 2011 had higher fatty acid markers of carnivory than anchovies and sardines. No spatial variations of stable isotope ratios were observed in sprats, indicating high mobility of sprat schools in the Gulf of Lions. Higher diversity and variability of dominating prey in the west of the Gulf of Lions for the three species may be the result of differences of habitat conditions (Espinasse et al., 2014a) .
Interaction between planktivorous teleost species
Trophic competition has been speculated in areas where planktivorous teleost species cooccur (Casini et al., 2004; Raab et al., 2012) . N ratios highly overlapped with those of anchovies and sardines, suggesting that sprats compete with the two other species, while the isotopic niches of anchovies and sardines poorly overlapped, suggesting that they fed in different areas considering their distribution . Pethybridge et al. (2014) have also observed reduced competition between anchovies and sardines by using lipid biomarkers. Consequently, contrasting results were obtained on trophic interactions between anchovies and sardines with stomach content and stable isotopes, suggesting overlap for the recently ingested prey but not for the previously ingested prey and/or the feeding areas. However, results on stable isotope ratios should be considered with caution as these potentially migratory species feed in an area subjected to high inputs and hydrological variations (Espinasse et al., 2014a; Harmelin-Vivien et al., 2008) . These factors may also explain the high differences noticed in the trophic niche overlap when using diet indices (%IRI and %W) and stable isotope ratios. advantage considering their larger niche width, the feeding on slightly larger, and thus, more energetic prey (Gerking, 1994; van Deurs et al., 2015) than anchovies and sardines, their lowest predator/prey size ratios and because they seem to recover well after the spawning period (Pethybridge et al., 2014) . information, the changes in the diets of anchovies and sardines reported from 1995-1996 (Plounevez and Champalbert, 2000) to (Costalago et al., 2012 and to 2011-2012 (this study) may have been a contributing factor to the decline of anchovies and sardines. Consumption of cladocerans by the three species is variable among regions with, for examples, a good representation of this group in the general diet of sardines of the Aegean sea (Nikolioudakis et al., 2012) and sprats of the Baltic Sea and of the North Sea (Casini et al., 2004; Raab et al., 2012 ) but a low importance in western Mediterranean Sea (Borme et al., 2009; Plounevez and Champalbert, 2000; Tičina et al., 2000) except at local scale (Tudela and Palomera, 1997 1995-1996 and 2011-2012 , may have had a negative impact on the body condition of adult anchovies and sardines, leading to the decreasing biomass observed for these species since
2008. Decreasing biomass of anchovies and sardines after such events may have led to an increase in sprat biomass and competition may have prevented the recovery of anchovies and sardines, leading to persistence of the phenomenon. However, competition only occurs when food resources are limited for the predators and no information regarding this factor exists for the study area or elsewhere for these species. Furthermore, body condition of anchovies and sardines was still low in 2011 and 2012 despite the fact that they ate more copepods and less cladocerans than in the past years . Consequently, other environmental and/or physiological factors (Cury and Roy, 1989; Takasuka et al., 2007) may have acted in interaction with the trophic one to influence the body condition and/or biomass of small pelagic teleosts. However, the relationship between body condition of anchovies and sardines and mesozooplankton concentration (Brosset et al., in press) indicates that the decline of these species is mainly explained by the trophic ecology of these species. The importance of competition may possibly vary seasonally. In the Gulf of Lions, Pethybridge et al. (2014) reported that no competition of sprats with anchovies and sardines during 
C/N ratios as an indicator of relative condition
Sprats had the highest C/N ratios, followed by sardines and anchovies, suggesting that this species has the highest lipid levels and thus the best relative condition in the Gulf of Lions during summer. That does not imply the good "health" of this population over the time as sprats had a lower relative condition value and a small length when compared to previous years (Van . Low fat content in anchovies was related to the spawning activity that occurs in summer (Palomera et al., 2007) . Higher fat content in sardines than in anchovies has been observed in various seasons (Sánchez et al., 2013; Zlatanos and Laskaridis, 2007) .
Sprats sampled during winter 2011 had also higher lipid contents than anchovies and sardines (Pethybridge et al., 2014) , suggesting that they had the best relative condition throughout the year when compared to sardines and anchovies. Slight increase of C/N ratios occurred only in sprats when they are growing, suggesting that larger sprats increase their chances of survival. As a result, sprats are at an advantage when they compete with anchovies and sardines. The greater niche width and the consumption of slightly larger prey may contribute to the better relative condition of sprats.
Conclusion
Combining stomach content analysis with stable isotopes is necessary to better understand trophic ecology of small pelagic teleosts within a region subjected to variable hydrological conditions, to different sources of particulate organic matter and variable plankton communities (Espinasse et al., 2014a) . The studied species changed their summer diet compared to past studies.
The trophic niche overlap between the three species sustains the hypothesis of their competition, but data on the quality and quantity of zooplankton are necessary to confirm or disprove the hypothesis on the limitation of food resources. However, the higher diversity and size of the consumed prey, [8-10[ [10-12[ [12-13[ [3-8[ [8-15[ [7-8[ [8-11[ E. encrasicolus [8-10[ -69 
